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摘要 
海洋生态系统是地球生命支持系统之一，也是支撑人类生存和发展的重要资
源宝库，对于人类经济的繁荣和生活质量的提高贡献巨大。然而，随着人类对海
洋开发进程的加快，海洋环境与海洋生态系统面临着越来越大的压力，海洋资源
利用冲突、海洋环境质量退化和生态破坏问题日益凸显。建立海洋生态损害补偿
机制被认为是解决海洋资源利用冲突，保护海洋环境和生态系统永续发展的有效
途径之一，而海洋生态损害补偿理论和方法的研究则是其重要的前提。目前，生
态补偿的研究与实践多集中在陆域生态系统，涉海方面的研究尚不多见，日常用
海活动的生态损害补偿更为少见。本论文聚焦于海洋生态系统，对生态损害补偿
理论、损害评估方法、补偿标准及案例应用作了较系统的研究，具有明显的学术
价值和重要的现实意义。 
本文综合运用海洋学、环境科学、生态学、经济学、法学以及社会学等学科
的相关理论和方法，采用查阅国内外相关文献、收集资料、理论剖析、模型构建
以及现场调查等手段，探讨了海洋生态损害补偿所涉及的相关概念和理论蕴涵，
构建了基于经济价值和基于生态修复成本的生态损害评估框架和方法体系，并将
其应用于海南岛的案例研究中，获得的主要研究成果如下： 
（1）在梳理总结当前生态补偿和海洋生态损害评估相关研究成果的基础上，
明确海洋生态损害、海洋生态损害补偿的定义、内容、范围和特征，厘清了海洋
生态损害补偿与赔偿经济学和法学含义以及法理上存在的差别，并基于海洋生态
损害行为事实与责任承担的对应关系对海洋生态损害进行分类；提出了对小规模
的海洋生态损害事件，采用基于经济价值的评估方法估算补偿标准，而对于大规
模的海洋生态损害事件，则采用基于生态修复的评估方法估算补偿标准。 
（2）论文构建了基于经济价值的海洋生态损害评估框架和方法体系。基于
已有的研究成果，探讨了海域划分的技术方法，建立了海洋生态系统及其服务的
识别和分类体系；系统总结海洋生态系统服务价值评估技术，建立了海洋生态系
统服务价值评估模型；确定了采用专家问卷调查法获得不同用海方式对海洋生态
系统服务的损害程度；将海洋生态系统服务价值与受损程度相结合，建立基于经
济价值的补偿标准估算模型，以获得研究海域不同用海方式的生态损害补偿标准。 
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（3）论文建立了基于生态修复的海洋生态损害评估的框架和方法体系。在
综合分析国内外自然资源损害评估方面的理论研究和实践经验的基础上，借鉴美
国自然资源损害评估规则，构建了基于生态修复成本的海洋生态损害评估框架，
包括：预评估、因果关系判定、量化受损资源与环境、制定和实施生态修复计划，
着重探讨了资源-资源、服务-服务以及价值评估 3 种确定修复规模的方法，提出
确定和实施生态修复方案的程序和方法。根据主要修复成本、补偿性修复成本和
合理的评估成本确定海洋生态损害补偿标准。 
（4）论文建立了海南岛海域使用生态损害补偿标准。本研究选取海南岛管
辖的周边海域作为研究对象，将已构建的基于经济价值的生态损害评估框架应用
于海南岛案例研究中，收集研究区概况（社会、经济、资源、环境、生态等），
按照先行政区划后生境特征的划分原则进行海域划分，将海南岛划分为 12 大海
域 46 个细分海区，识别各细分海区海洋生态系统类型及其提供的各类服务，进
而评估其生态系统服务价值，同时通过专家问卷调查法评估人类用海活动对海洋
生态系统服务的损害程度，最后制定海南岛不同海域、不同用海方式的海洋生态
损害补偿标准。结果显示，对于海南岛周边海域的填海造地活动，贴现率为 2%
时，其生态损害补偿标准为 91-2042元/m2；贴现率为 4%时，其补偿标准为 46-1021
元/m2。基于经济价值的生态损害评估框架能够较好地应用于海洋生态损害补偿
标准的制定中，简单方便，具备可推广性。 
（5）论文分析基于经济价值和基于生态修复两种评估框架在估算填海造地
生态损害补偿标准中的差异以及两种评估方法的优缺点。将基于经济价值和基于
生态修复成本的损害评估框架运用于海南人工岛生态补偿标准的估算中，比较了
两种评估方法在过程、结果以及应用上的差异。结果显示，采用基于经济价值的
损害评估方法，在贴现率为 2%时，南海和东郊椰林人工岛围填海工程的生态损
害补偿标准分别为 21619.96 万元和 15075.25 万元；在贴现率为 2%时，采用基于
生态修复成本的评估方法，南海人工岛生态补偿标准为 31658.12 万元，而东郊
椰林为 3946.10 万元。鉴于两种评估方法各具优缺点，可根据用海项目的实际情
况以及资源或生境的单位修复成本，选择适宜的生态损害评估方法，制定较合理
的生态损害补偿标准。 
关键词：海洋生态系统；生态补偿；生态损害评估；生态修复成本；海南岛
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Abstract 
Marine ecosystems are vital to the earth's life support system, providing natural 
resources to support human survival and development, and making significant 
contribution to the economic prosperity and improvement of living quality. However, 
marine environment and ecosystems are confronted with growing pressures resulting 
from accelerated marine development, conflicts of ocean uses, and decreasing marine 
environmental quality. Establishing the marine ecological damage compensation 
mechanism is one of the effective approaches to solve the conflicts of marine resource 
utilization, to protect the marine environment, and to ensure the sustainable 
development of marine and coastal economy. Thus, it is essential to develop the 
theory and methods of marine ecological damage compensation. Most existing studies 
of ecological compensation have focused on terrestrial ecosystems, and relatively few 
in the marine context, even less are the studies of ecological damages related to 
coastal development and ocean use activities that are considered regular or routine. 
Focusing on the marine ecosystems, this dissertation develops a systematic study on 
the theory and methods of ecological damage compensation, establishes the standards 
for eco-compensation, and illustrates the approach through case studies. The study is 
designed to meet the urgent need to improve marine environmental management in 
China.   
The study is interdisciplinary and draws upon the relevant theories and methods 
in oceanography, environmental science, ecology, economics, law and sociology. The 
research process includes literature review, data collection, theoretical analysis, model 
construction and field investigation. The thesis describes the concepts and theoretical 
connotation of marine ecological damage compensation, presents an estimation 
framework, and applies the framework method to two cases in Hainan Island. The 
achievements of the research are as following: 
(1) Summarizing results in the literature on ecological compensation and marine 
ecological damage assessment, this thesis presents an explicit definition with clear 
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content, scope and characteristics of marine ecological damage and compensation, 
and analyses the economic and legal implication as well as legal difference between 
compensation and indemnification, and categorizes the ecological damages based on 
the relationship between the behavior and responsibility. Furthermore, it is proposed 
that the framework based on value estimation can be applied to the ecological 
compensation of small-scale marine ecological damages. In contrast, the framework 
based on the cost of restoration should be used for large-scale marine ecological 
damages. 
(2) This thesis has established the framework based on the value estimation for 
ecological damage assessment. With a detailed review of the current literature, it has 
explored the approach for sea area division, and established the identification and 
classification systems for the marine ecosystem services. With a systematic summary 
of the methods for ecosystem service valuation, this thesis has also established a 
model framework for the estimation of marine ecosystem service values. Through 
model comparison and field investigation, it has been suggested that the approach 
involving expert interviews and questionnaires is appropriate for the determination of 
ecological damage severity. Finally, the model framework is used to calculate the 
marine ecological damage compensation (MEDC) standards.  
(3) With a comprehensive review of academic research and practical applications 
in different counties, especially the rules of natural resource damage assessment in the 
USA, the thesis has established the framework for ecological damage assessment 
based on restoration costs, including pre-assessment, judgment of causality, injury 
quantification, selection and implementation of restoration. The MEDC standards can 
be determined according to the costs of primary and compensatory restoration and a 
reasonable cost of assessment.  
(4) The framework for ecological damage assessment based on value estimation 
is applied in the case study of Hainan Island. According to the environmental profiles, 
socio-economic survey and the characteristics of ecology, the Hainan Island is divided 
into 46 eco-zones, and then the main ecosystem types and services in each eco-zone 
are identified. The study estimates the ecosystem service values and assesses the 
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severity of damages to different ecosystem services by different ocean uses. The 
MEDC standard for each ocean use in each eco-zone in Hainan Island is calculated. 
The MEDC standard for land reclamation ranges from 91~2042 yuan/m2 and 46~1021 
yuan/m2 when the discount rate is 2% and 4%, respectively. This framework provides 
a low-cost and convenient way to implement MEDC, and is transferable to other 
locations. 
(5) The two frameworks established above are used separately in the estimation 
of MEDC standard for artificial island in Hainan. The differences of these two 
frameworks in procedures, results and applications are compared. Using the 
framework based on value estimation, the MEDC standards for Nanhai and Dongjiao 
Yelin artificial island are 212.20 million and 150.75 million Yuan with a discount rate 
of 2%, respectively. In contrast, using the framework based on the restoration cost, the 
MEDC standard for Nanhai artificial island are 316.58 million yuan, while the 
Dongjiao Yelin artificial island 39.46 million yuan. Each of these two frameworks has 
advantages and disadvantages. In pratice, an appropriate framework should be chosen 
according to the realities of sea-use project and restoration costs.  
Key words: Marine ecosystem; Ecological compensation; Ecological damage 
assessment; Restoration Cost; Hainan Island
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